The efficiency of different nitrogenous fertilizers under forced leaching conditions was determined in pot experiments using ryegrass as an indicator plant in a sandy loam soil. Treatments were: ON (unfertilized), AN (ammonium nitrate), U (urea), DAP (diammonium phosphate), T (Triabon), FK (Floranid Komplett) and CDU (crotonylidendiurea).
Introduction
The use of nitrogenous fertilizers in high doses, together with tl~e input of large quantities of irrigation water, creates the potential for large leaching losses of NO 3 ions [11] which, in turn, contributes to considerably increasing the NO 3 ion concentration in groundwater [8] . One alternative to reduce NO 3 ion leaching losses may be to use controlled release nitrogenous fertilizers (CRNF). For these fertilizer materials to meet plant N requirements and minimize NO 3 ion leaching losses, it is necessary for N to be made available at a rate that roughly matches the plant's nitrogen requirements.
There are different types of CRNF currently on the market which can be used for this purpose. Specifically, the low solubility nitrogenous compounds IBDU (isobutylendiurea) and CDU (crotonylidendiurea) constitute the slow release fraction of some commercial fertilizers (Triabon, Floranit Komplett, etc.). Both compounds, IBDU, and CDU, slowly release urea into the medium over a period which may exceed 4 months depending on temperature, soil moisture, granule size, pH, etc. [6, 9, 12] . The nitrogen release mechanism appears to be simply chemical for IBDU, while in the case of CDU a combined mechanism of chemical and microbiological hydrolysis has been proposed [7, 2] .
The methodology employed to ascertain the release of these products into the soil is based on soil incubation and leaching tests. Diez et al. (1991) used the EUF technique to provide a simple index of the solubility kinetics of nitrogenous fertilizers. Good correlation was obtained between EUF-N from fertilizers and its solubility kinetics index determined in an aqueous solution.
According to the technique the values ob-tained by EUF were compared with the plant's response to nitrogenous fertilizers of differing solubilities. EUF indexes which best predict plant N uptake and NO 3 ion leaching loss were determined. An experiment was performed using different fertilizers: U (urea), AN (ammonium nitrate), DAP (diammonium phosphate), CDU (crotonylidendiurea), FK (Floranid-Komplett) and T (Triabon). The tests were carried out under high leaching conditions, which is where the use of CRNF is of greatest interest.
Materials and methods

Soil was sampled from the ochric horizon of
Typic Xerochrepts located in the province of Toledo (Spain). This soil was selected for its sandy loam texture and low N and organic matter contents. The soil sample came from a vineyard plantation which had not received any fertilizer treatment over the last few years. General soil characteristics are shown in Table 1 . The experiment was conducted in a controlled temperature glasshouse. Pots with 2 kg of soil (sieved to <2ram) were used. The following amounts of nutrient were applied to each pot: 300 mg N pot -1, 60 mg P pot -1 and 40 mg K pot-1 on the basis of the fertilizer recommendations proposed by Wiklicky et al. (1981) , using the EUF technique. Phosphorus fertilizer was applied as superphosphate, and potassium as K2SO 4. The experiment included 7 treatments which differed in the type of fertilizer used: U (urea) AN (ammonium nitrate), DAP (diammonium phosphate), CDU (crotonylidendiurea), T (Triabon) and O (control, without nitrogen fertilizer).
The experimental design was a complete randomised block with 3 replicates.
Each pot was sown with 4 g of English ryegrass
(Lolium perenne). Soil moisture was maintained by watering every 3 or 4 days, always providing a volume slightly greater than that required by field capacity with the aim of causing leaching. Each pot's leachates were collected and analysed for total N, using the U.V. oxidable nitrogen method [4] . Five successive cuts of ryegrass were taken at 25 day intervals. The dry matter yield, organic N by the Kjeldhal method [1] and the N absorbed per plant and per cut was determined in the plant material in each of the pots.
The kinetic solubility of the nitrogenous fer- In the second fraction, the voltage was raised to 400 V and 2 fractions were obtained at 5 rain intervals, the first at 40 mA and the second at 150 mA, which causes a progressive increase in the force of the electric field.
The fertilizer sample/water ratio was 0.5/50. The composition and analysis are given in Table  2 .
0.5 gms of fertilizer, to which 50 ml of water ware added, were placed in the central chamber. This fertilizer-to-water ratio was kept constant during extraction, since the water filtered through the ultrafilters located in front of the electrodes is automatically replaced. Filtration speed, with -0.2bar vacuum pressure, was in the order of 5 ml min-1.
Results and discussion
The variance analysis (Table 3) for the N absorbed by the plant shows significant differences between cuts and treatments but not between replicates.
The results for N absorbed by the plant as a function of the number of cuts for each of the treatments are given in Figure 1 .
Floranit Komplett, a commercial product containing 9.5% N-IBDU, releases nitrogen at a rate according to the plant's requirements, since tests with this fertilizer showed the highest amount of N absorbed. At the end of the experiment, the plants had taken 128mg of N pot -1, i.e., 48% of that provided with the fertilizer.
With AN (NHeNO3) and Triabon (a commercial product containing 11.3% CDU-N), the plant respectively used 40% and 42% of the N initially provided.
With DAP and urea, the N uptake was less than with AN and Triabon. With the CDU treatment, the release of N in the first 3 cuts is so low that the N uptake was only slightly different from the unfertilized control.
The variance analysis relating to leaching results shows significant differences between cuts and treatments but not between replicates (Table   3 ).
N leaching losses as a function of the number of cuts in each of the treatments are shown in Figure 2 for each treatment.
As expected, the greatest leaching losses occurred in treatments fertilized with the more soluble N fertilizers. With AN or urea, leaching losses are high from the beginning of the experiment. After 2 cuts, 154mgN were leached in AN treatment and 118 mg N in urea's. DAP has an intermediate solubility between the more soluble materials and those with low solubility, presumably the major portion of NH 4 of DAP was adsorbed on clay minerals. The two treatments containing crotonylidendiurea, CDU and Triabon, showed small losses in the 1st and 2nd cuts, but considerably more in the 3rd. The lowest loss level occurred with the FK treatment from which, at the end of the experiment, only 82 mg N pot -1 were leached, i.e. 27% of the N fertilizer initially applied.
The N mobilized, i.e. the N leached plus the N absorbed by the plant, may give a better idea of the N released into the soil under growing conditions for each of the fertilizers.
The N mobilized by the control was subtracted in order to calculate the percentage of N mobilized in each treatment with respect to the fertilizer applied. AN and urea supply N at a rapid rate. DAP does so at a slower rate, mobilizing 50% of the N in the first 2 cut. Triabon and FK provide more nitrogen than CDU in the 1st and 2nd cuts due to their soluble N.
While the release of N from the low solubility fertilizers occurred constantly and gradually throughout the growing period, it was released more rapidly with the more soluble fertilizers and its availability to the plant in later stages decreased.
Finally, the dry matter results are given in Table 4 . The highest dry matter yields occurred with FK. The variance analysis relating to dry matter yields showed significant differences between cuts and treatments but no between replicates ( Table 3) .
Percentage of fertilizer N extracted by the I and II EUF-N fraction are given in Table 5 showing substantial differences in N solubility.
Correlations calculated for the extracted by EUF and the N uptake of the plants and the N leached are shown in Table 6 .
Significant correlations between N-leached and Concerning the N absorbed by the plant, after 3 cuts, the EUF-N (I + II) parameter was significantly correlated, at the 1% level, with the N uptake of the crop while the EUF-N I or EUF-N II correlations separately were not. It may be concluded from these results that the absorption depends both on the rapid release fraction (EUF-N I) and on the slow release one (EUF-N II). It is therefore of interest for desorption of N fertilizer to be balanced, since in those cases where EUF-N (I + II) and EUF-N I are high at the same time, leaching would be of such magnitude that the opportunity for plant uptake would be diminished. On the other hand, in those cases where EUF-N II is much larger than EUF-NI, available N may be short initially, thus restricting plant growth. These results are in line with Nemeth's (1979) claim that the first EUF fraction is easily available and the second EUF fraction reflects the nutrient reserves [10] .
Finally, a significant correlation was also found between the mobilized N% (absorbed plus leached) and EUF-N I as shown in Table 6 . As a consequence of this result, the N mobilized in these products mainly depends on EUF-N I which means the fertilizer's soluble fraction.
In conclusion, the fertilizers giving the most satisfactory result with regard to N uptake were FK and Triabon, both low solubility fertilizers.
It was shown that the most soluble fertilizers, urea and AN, are those allowing greater nitrogen leaching losses and, therefore, a less efficient use of applied N.
The correlations obtained show that while the EUF-N I fraction reflects CRNF performance with regard to N leaching, the sum of both fractions EUF-N (I + II) may be a useful indicator of CRNF availability to plants, As a consequence, the EUF method appears to be suitable for the determination of release by CRNF. For these experimental conditions the plant response to a certain CRNF is best when the sum of both fractions, EUF-N (I + II) is higher than 80% of the fertilizer's N, and EUF-N I is greater than 40% and EUF-N II higher than 25%.
